Electron spin resonance data of Cu 2+ ions in La 14−x Ca x Cu 24 O 41 crystals (x = 9, 11, 12) reveal a very large width of the resonance line in the paramagnetic state. This signals an unusually strong anisotropy of ∼ 10% of the isotropic Heisenberg superexchange in the Cu-O chains of this compound. The strong anisotropy can be explained by the specific geometry of two symmetrical 90 • Cu-O-Cu bonds, which boosts the importance of orbital degrees of freedom.
Magnetic interactions in strongly correlated transition metal oxides have attracted much interest during the past decade due to their intimate relationship with high temperature superconductivity in the cuprates, but also in connection with novel quantum magnetic phenomena in spin-chain and spin-ladder materials. The superexchange interaction between magnetic ions in oxides is mediated via oxygen ligands and is described by the Hamiltonian
where the first term denotes the isotropic Heisenberg exchange, and the second and third represent antisymmetric and symmetric anisotropic contributions caused by spin-orbit coupling. In the case of a Cu 2+ ion with a single hole with S=1/2 in the 3d shell, the orbital angular momentum is quenched in the solid due to crystal field splitting. In general spinorbit coupling and the corresponding anisotropies play only a minor role in cuprates. For instance the CuO 2 planes of the parent compounds of high temperature superconductors like La 2 CuO 4 or Sr 2 CuO 2 Cl 2 are thought to be the best representatives of a 2D S=1/2 square lattice isotropic Heisenberg antiferromagnet with J iso ≈ 1500 K. This large value of J iso is typical for the 180
• Cu-O-Cu bond angle present in 2D cuprates. The anisotropic magnetic couplings A ij ≪| d ij | both do not exceed 1% of J iso in La 2 CuO 4 [1] . Nevertheless, this small anisotropy determines the orientation of spins with respect to the lattice in the magnetically ordered state and is responsible for such remarkable phenomena as weak ferromagnetism or the presence of spin wave gaps.
According to the Goodenough-Kanamori-Anderson rules [2] the strength of the leading isotropic coupling J iso can be considerably reduced by decreasing the Cu-O-Cu bond angle from 180
• to 90
• . In the case of a 180
• bond the antiferromagnetic (AF) coupling is mediated via a single ligand orbital, whereas the exchange in a 90
• bond proceeds via orthogonal orbitals (see Fig. 3 ) which are coupled via Hund's rule, resulting in a ferromagnetic coupling [3] . Experimentally, one still finds an AF J iso ≈ 120 K [4] in the quasi-one-dimensional Cu- Electron spin resonance (ESR) is a very sensitive tool to study the anisotropy of the spinspin coupling which, in particular, is the main source of the finite width ∆H of an ESR signal in concentrated paramagnets [11] . In this paper we present ESR data of La contains planes of Cu 2 O 3 two-leg spin ladders running parallel to the chains [8] . The ladders show a spin-singlet ground state with a spin gap of the order of 500-600 K [13, 14] .
Representative ESR spectra of the sample with x=9 and the fitting curves are shown in the left panels of Fig. 1 at T = 100 and 14 K. Since the width of the signal ∆H is comparable to the value of the resonance field H res , the fitting function f (H) has to include Lorentzian absorption derivatives corresponding to both, right and left circularly polarized components
A(H + ) and A(H − ) of the linearly polarized microwave field [11] . Moreover, we add to f (H) the correction due to the non-diagonal contributions to the dynamic susceptibility which appears as an admixture of the Lorentzian dispersion D(H + ) [15] :
A(
Here, h ± = 2(H ∓ H res )/∆H, and a and d . For 50 K < T < 300 K, χ static in LCCO is entirely described in terms of weakly interacting Cu-O spin chains, the contribution from the ladders is negligible due to their large spin gap [5] . From the similarity between χ spin ESR and χ static we therefore conclude that the ESR spectrum can be ascribed solely to the Cu spins in the chains.
The ESR line width in magnetic insulators is usually decomposed into non-critical and critical parts [20] :
The first term in Eq. 3 is determined by spin-spin interactions at high temperatures, where spins are uncorrelated (paramagnetic regime). The second term ∆H crit (T ) defines an additional contribution to the line width which arises at low temperatures, when long-range magnetic order is approached. It is caused by the fluctuations of the staggered magnetization in the short-range ordered state. These enhance the rate of the spin-spin relaxation 1/T 2 and consequently broaden the ESR line additionally [20] . According to the analysis of χ static in Ref. [5] , insulating LCCO is paramagnetic above 50 K, whereas at lower temperatures spin correlations grow and finally result in long range AF order, which has been observed in The main concern of the present paper is the large value of ∆H(T ) of about 1500-2000 Oe for temperatures far away from the magnetically ordered state (see Fig. 2 ). It is reasonable to assume that the almost T -independent ESR line width in the paramagnetic regime above 60-80 K is determined by the Cu spin-spin interactions, i.e. by ∆H(∞) in Eq.3 [23] . Magnetic resonance in paramagnetic insulators is usually discussed in terms of the "moments" of a Gaussian absorption line [11] . In particular, ∆H(∞) is proportional to the second moment M 2 , which is determined only by various anisotropic interactions between spins. On the other hand, the isotropic Heisenberg exchange interaction J iso S i S j influences the shape of the line via the well known effect of "exchange narrowing" of the magnetic resonance which takes place if |J iso | /gµ B ≫ H res > ∼ ∆H. In this case the ESR signal acquires a Lorentzian line shape, which is indeed observed in LCCO (see Fig. 1 ). The corresponding "exchange narrowed" line width reads [24, 25] :
The most obvious anisotropic interaction which broadens the resonance line is a dipoledipole interaction between the spins S i and S j separated by a distance r ij :
. This yields an exchange narrowed dipole-dipole contribution to the width of ∆H dd ≈ 1 Oe, which is negligible compared to the experimental result.
Now we focus on the contributions to ∆H arising from the anisotropy of exchange (last two terms in Eq. 1). The term ij d ij [S i ×S j ] is known as the antisymmetric DzyaloshinskyMoriya (DM) interaction [28, 29] . However, in LCCO the DM vector d ij is zero due to the presence of an inversion center between two nearest neighbor Cu sites [8] . The only possible source of the large ∆H in LCCO is hence the symmetric anisotropic exchange ij S i A ij S j .
In this case M 2 ≃ A 2 ij [11] . With the observed value of ∆H ≈ 1500 Oe and J iso ≈ 20 K [5] we get from Eq. 4 a surprisingly strong anisotropy A ij of about 10% of J iso . This value of A ij is ten times larger than the conventional estimate [28] A
where ∆g ≈ 0.2 is the average deviation of the g-factor of Cu 2+ in LCCO from its spin-only value g=2. In terms of experimentally accessible quantities, the conventional estimate yields ∆H ≈ 15 Oe, whereas the experimental result is two orders of magnitude larger.
In the following we discuss the basic physics that may cause such an unusually strong anisotropy of superexchange in LCCO [6, 7] . For a qualitative understanding it is sufficient to consider only two nearest neighbor Cu ions, Cu L and Cu R in the Cu-O chain (see Fig. 3 ).
In perturbation theory, the superexchange interaction arises from virtual hopping processes via the two intermediate oxygen ligands (A and B) , which couple the Cu spins by 90
• bonds.
In hole notation oxygen orbitals are empty. The crystal field splits the 3d 9 state of a Cu which avoids unfavorable doubly occupied sites by involving the excitations along the ring
. The predominant contribution of the |xy > orbital to superexchange causes an easy-axis out-of-plane anisotropy. In the present geometry this anisotropy, as compared to a 180 • bond, is additionally enhanced due to a strongly reduced isotropic superexchange between |x 2 −y 2 , Cu L > and |x 2 −y 2 , Cu R >, which may be reduced furthermore for bond angles slightly larger than 90
• because of a cancellation of the leading order ferro-and antiferromagnetic contributions to the isotropic exchange [7] .
Our ESR data clearly show that the spin dynamics of the Cu-O chains of LCCO is governed by a strong anisotropy of the magnetic interactions in the paramagnetic regime.
In this respect LCCO may not be unique. For instance, in Li 2 CuO 2 a surprisingly broad ESR signal (∆H∼ 4000 Oe) has been reported in the submillimeter wavelength range [30] .
Complementary to our result, specific heat measurements of La [23] We consider sample inhomogeneities as a rather improbable source of the broadening of the ESR signal. In principal, structural disorder may cause local deviations of the gfactors of the Cu ions from their mean values g b and g c . However, the observed linewidth would require a spread of the g-factors of the order ∆g ∼ ±0.5, which is unrealistic.
In the case of magnetic inhomogeneity the broadening should be proportional to the magnetization of the sample χ(T )·H. Thus the linewidth would decrease with increasing temperature which is not observed in the experiment. Moreover in both cases one expects 
